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FIELD OF THE INVENTION 



The present invention is related to a method in the 
drying section of a paper machine, in particular for 
reduction of a tendency of paper curling. In this 
method, the paper web is dried on drying cylinders, 
against whose healed faces the paper web is pressed by 
means of a drying wire, and in which drying section 
groups of drying cylinders arc used in which twin-wire 
draw and/or single-wire draw is/are applied. 

The present invention is also related to a drying sec- 
tion of a paper machine intended for carrying out the 
method of the invention. The drying section comprises 
one, or preferably several subsequent drying groups, 
which comprise drying cylinders and wire guide rolls 
' and/or leading cylinders, and in which drying section 
single-wire draw and/or twin-wire draw is/are applied. 
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BACKGROUND OF THE INVENTION 



As is known in the prior art, in the drying section of 
a paper machine, single-wire draw and/or twin-wire 
draw is/are applied. 

Single-wire draw, in which the drying wire also sup- 
ports the web on the draws between the rows of cylin- 
ders, is usually employed in the initial part of the drying 
section. Single-wire draw may also be used over the 
entire length of the drying section. 

Recently, drying sections provided with single-wire 
draw have become common in : which the upper or 
lower cylinders are steam-heated drying cylinders 
against which the web is placed in direct contact 
pressed by the drying wire, and in which the lower or 
upper cylinders are cylinders provided with internal 
suction, for example the assignee's so-called "V AC- 
ROLL tm" cylinders. In M VAC-ROLL tm w cylin- 
ders, the effect of negative pressure is applied through 
the perforated mantle from the interior of the leading 
cylinder to the grooves passing around the cylinder 
mantle. By means of the effect of negative pressure, the 
web is kept in contact with the drying wire when the 
web is placed at the side of the outside curve on the 
leading cylinders. At the same time, attempts are made 
to prevent transverse shrinkage of the web as the drying 
makes progress. 

Typically, in a multi-cylinder dryer, there are 5 to 8 
wire groups. The groups placed in the initial end of the 
drying section are normally shorter than the groups 
placed in the final end. 

With regard to prior art related to the present inven- 
tion, reference is made to Fl Pat Appl. 793,920; Fl 
Published Patent Application 70,277; and to DE Patent 
1,183,775. In these publications, various devices for 
profiling of the moisture content in a paper web are 
described. These devices are, however, not employed 
for the control of anisotropy in the direction of thick- 
ness of paper nor for the control of the tendency of 
curling. 

As is well-known, the lateral portions of a paper web 
become dryer than the middle portion of the web in the 
drying section of a paper machine. This flaw of mois- 
ture profile is commonly corrected after said principal 
drying stage either by drying the middle area addition- 
ally by means of infrared radiators divided in zones or 
by moistening the edges by means of water sprayed in 
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zones.- Both of these pri r-art modes increase the rela- 
tive slackness of the edges in relati n to the middle 
portion. 

The tensi n profiles of paper in the transverse direc- 
tion and in the thickness direction depend on the mois- 
ture profiles of the paper. On the other hand, the tension 
of paper on drying lias an effect on the properties of the 
paper. When the moisture profile of paper is affected, 
c.g. f during drying, Uie properties of the paper are also 
altered at the same time. The properties of paper, for 
example tensile strength, arc developed extensively at a 
dry solids content of about 75 to about 98%. Thus, the 
tension profiles, expressly at the final stage of the dry- 
ing, have a great importance in view of the ultimate 
properties of the paper. 

When a paper machine dries the web unevenly in its 
transverse direction, this causes, among other things, 
uneven tension in the web. An uneven tension profile 
means, for example, that the edge of the paper web 
produced by the paper machine has more slack than the 
middle portion of the web. This is a common occur- 
rence in presently available paper machines. By means 
of measurements, it has been found that, in the trans- 
verse profile of tension, peaks and valleys, Le. tighter 
and slacker zones, also occur in the middle portions of 
die web. 

In the stages of web treatment after the paper ma- 
chines, unevenness of the tension profile in the web may 
produce remarkable handling and running problems, 
eg., in the control of the structure of the reel for the 
customer, in formation of wrinkles, as breaks, and as 
problems of alignment in a printing machine. 

The slack edge of a paper web can be explained by 
means of three well-known factors/First, in a conven- 
tional cylinder drying group, the edges of the web dry 
more quickly than the middle of the web. Second, the 
water-swollen fibers and the paper web shrink when the 
drying makes progress. This shrinkage is particularly 
intensive in the range of dry solids content of about 65 
to about 95%. Third, the deformation of paper when 
moist is primarily plastic,, whereas the force-elongation 
behavior of a paper of higher dryness is largely elastic. 
Thus, a deformation produced in moist paper, such as 
stretching, mostly remains permanent, whereas a 
stretching in a paper of higher dryness is largely re- 
stored, being lost when the force is gone. 

Curling of paper is one of its negative quality factors. 
Reducing the tendency of curling of paper, in particular 
of fine paper, has become more and more important 
along with new printing and copying methods, in which 
the paper is heated suddenly, as a rule from one side, so 
that any internal strains that may have remained in the 
paper because of different reasons are discharged in the 
form its curling. The tendency of curling of paper is 
affected both by the anisotropics in the different proper- 
tics of the structure of th? paper, cuch zz f;t« oi filia- 
tion, filler distribution, and density, and by anisotropics 
produced in the paper during drying, both in the direc- 
tion of the plane of the paper and in the z-direction (Le., 
the direction of thickness). 
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It is a drawback f the drying groups with single- wire 
draw described above that they do n t dry the paper 
symmetrically, but the drying effect is applied more 
extensively to the face of the paper that reaches direct 
contact witli the heated drying cylinders. Owing to this 
asymmetric drying, recently such drying groups with 
single-wire draw have been introduced in which certain 
groups, for example, every second group, are so-called 
inverted groups, in which the steam-healed drying cyl- 
inders are in the lower row and the leading cylinders 
are in the upper row. However, in the inverted groups, 
difficulties occur in the removal of broke, because die 
free sectors of the drying cylinders arc not opened 
downwards, as they are in normal groups, but 1 1 icy form 
pockets that are closed at the bottom, la the inverted 
groups, problems are also caused by the ventilation of 
the spaces that remain in the gaps between, the leading 
cylinders as well as by the differences in pressure in the 
narrowing wedge spaces placed in connection with the 
free faces of drying cylinders in relation to the environ- 
ments of said wedge spaces. 

One factor that has a substantial effect on the curling 
of paper is one-sided drying of the paper. In drying 
sections provided with the traditional twin-wire draw, 
the web can be dried at the same rate from both sides. 
Thereby, the uniformity of drying can be affected, and 
the tendency of curling of paper can be prevented, by 
regulating the steam pressures in the upper and lower 
cylinders. 

By means of the new concept of a dryer with single- 
wiredraw, said drying at the same rate and said possibil- 
ity of regulation cannot be accomplished. Attempts are 
made to prevent unequal drying on either side of the 
paper by means of the inverted drying groups, in which 
the above problems of cleaning, however, deteriorate 
the running quality of the paper machine. 

In connection with calendaring, it is known in the 
prior art to employ steam spraying applied to the paper. 
The effect of steam spraying is based on relaxing the 
strains in the paper fibers by the effect of heat and mois- 
ture. However, in the calendaring stage, it is no longer 
possible to sufficiently eliminate the tendencies of cur- 
ling of paper in all cases in an efficient manner. 
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It is an object of the present invention to provide 
novel solutions for the problems discussed above. 

It is a particular object of the invention to provide a 
method for paper manufacture and a drying section for 
a paper machine by whose means it is possible to manu- 
facture a paper of higher dimensional stability more 
favorably than in the prior art 

It is a further object of the invention to provide a 
method and a drying section of a paper machine in 
which it is also possible 16 perform profiling of the 
paper in the machine direction and in the transverse 
direction more favorably than in prior art 

In additional embodiments, it is a further object of the 
invention to provide a method that contributes to the 
provision of a single-wire draw drying section in which 
there are no inverted wire groups, broke-handling or 
ventilation problems occurring in such groups. How- 
ever, it should be emphasized that the present invention 
is applicable to inverted single-wire groups as well. v 

In view of achieving the objectives stated above, 
those that will come out later, and others, the method of 
the invention is comprises feeding steam substantially 
onto the entire width of the paper web, in the drying 
section of a paper machine. By virtue of this application 
of steam, tcasions that have been formed or Chat lend to 
be forced in the fiber mesh in the paper web are relaxed 
by means of heat and moisture in the area of their for- 
mation or substantially immediately thereafter. 

The drying section in accordance with the present 
invention comprises at least one steam supply box fitted 
in the drying section, and which extends substantially 
across the entire transverse width of the paper web to 
be steam-treated. The steam box is connected to a 
source of steam. The steam box comprises a counter- 
face, which, together with the free face of the paper 
web that runs at its proximity, defines a contact-free 
steam-treatment gap. 

In the invention, the relaxation of the paper may be 
based on an equalization of the properties of the web so 
that a controlled change is performed in the properties 
of the paper web (in a way similar to annealing), 
whereby the paper is regulated to higher uniformity. In 
the present invention, this controlled change is accom- 
plished by means of moisture and temperature. 

By means of the invention, die "flaws" that produce 
the tendency of curling of paper are corrected in the 
area of their formation or substantially immediately 
thereafter, in which case the correction can be made 
more advantageously and more efficiently. 
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The invention can be favorably combined with the 
profiling of the paper, in particular with the control of 
the transverse curling profile and of the moisture pro- 
file, so that the paper can be made to run through the 
drying section as of substantially uniform curling and 
moisture profiles, in which case the drawbacks arising 
from uneven tensions in the web can also be avoided, as 
described in the assignee's afore-mentioned FI Pat. 
Appl. 902805. 

In a particularly advantageous embodiment, tne 
steam box employed in the invention is placed in a posi- 
tion in which the paper web to be steam-treated runs 
over a suction sector of a suction cylinder or suction 

roll. > . 

By means of die water-steam treatment in accordance 
with the present invention, the anisotropy in the thick- 
ness direction of the web is controlled as a continuous 
• process by producing a specified temperature and raois^ 
ture level in the paper or in its surface so that adequate 
relaxation occurs in the paper. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



In the following, the invention will be described in 
detail with reference to some embodiments of the inven- 
tion illustrated in the figures in the accompanying draw- 
ing, the invention being in no way strictly confined to 
the details of said embodiments. 

FIG. 1 is a schematic side view of a part of the drying 
section of a paper machine in which the method and the 
device in accordance with the invention are applied. 

FIG. 2 shows an application of the method of the 
invention in single-wire draw. 

FIG. 3 shows an application of the method of the 
invention in twin-wire draw. 

FIG. 4 is an axonometric view of a steam box that can 
be applied in the invention. 

FIG. 5 A is a graphic illustration of an example of the 
distribution of temperature on a lop face and a bottom 
face of the paper in the areas between the points A, B, 
C and D, which are indicated in FIG. 2. 

FIG. 5B is an illustration corresponding to FIG. 5A 
of evaporation and condensation taking place in the 
paper in said areas A to D. 
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DETAILED DESCRIPTION 



FIG. 1 illustrates the area of the gap between the 
drying groups Ri and R2 in a multicylindcr dryer of a 

paper machine. The first group Ri is a so-called inverted 
cylinder group, in whose intermediate spaces To, which 
are closed at the bottom, problems of broke handling 
and moisture removal occurred in prior art The latter 
group R2 is a so-called normal group, in which the 
drying cylinders 20 are placed in the upper row. 

In the former group R| v a drying wire 11 is employed, 
which runs meandering over the drying cylinder 10 and 
the leading cylinder 12 so that the web W reaches direct 
contact with the heated faces 10' of the drying cylinders 
10. The drying cylinders 10 are placed in the lower row 
and the leading cylinders 12 in the upper row. The 
leading cylinders 12 are suction cylinders provided with 
perforated grooved mantles 13, for example cylinders 
marketed by the assignee under the trademark "VAC- 
ROLL TM *\ 

Doctor 14 blades 15 operate against the smooth faces 
10' of the drying cylinders 10. In view of ventilation of 
the intermediate spaces To, air is blown into said spaces 
out of blow pipes 17. Moreover, in the inlet nips N-K 
blow devices 16 are employed, by whose means induc- 
tion of pressure is reduced or prevented in said nips 
N-K In the group gap R1-R2, after the guide roll 18, the 
web W is transferred from the wire 11, in the transfer 
area NS, onto the guide roll 28. In the group R& the 
web W to be dried is guided, on support of the drying 
wire 21 guided by the guide roll 29, over the drying 
cylinders 20 and the suction cylinders 22. In the group 
R2, there are doctors 24 provided with blades 25 as well 
as blow boxes 26 and 27. Since the intermediate spaces 
Tt underneath the cylinders 20 are opened downwards, 
there are no broke handling problems in a "normal" 
group R%. 

Above, a drying section in itself known lias been 
described as a background and environment of applica- 
tion for the present invention. 

In FIG. 1, to be used in the draw in the group gap 
R1-R2 both in connection with the guide roll 18 of the 
drying wire 11 in the inverted group Ri and in connec- 
tion with the guide roll 28 in the normal group, steam 
boxes 30A and 30B are shown, through whose treat- 
ment gap 31 a steam treatment in accordance with the 
invention, which has an adjustable transverse profile 
and which relaxes the strains, is applied across the entire 
width of the web W, which steam treatment will be 
described in more detail later. 

FIG. 2 shows an application of a steam box 30 in 
accordance with the invention to single-wire draw in 
connection with a suction cylinder 22. In accordance 
with die invention, a steam box is fitted in connection 
with the suction cylinder, by means of which steam box 
a steam treatment is applied to the entire width of the 
web W. 
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By means of the heat and moisture provided by the 
steam treatment (compare the effect of a steam-iron), 
strains that tend l be formed in the web W are relaxed. 
At the same time, the steam box 30 can be used for the 
control of the transverse curling profile and moisture 
profile in the web W so that the web W proceeds 
through the whole drying section with maximally uni- 
form profiles so that differences in tensions do not arise. 

The suction cylinder 22 that is used is preferable a 
cylinder marketed by the assignee under the trademark ^ D 
"VAC-ROLL TM *\ whose mantle is provided with 
perforations, which are opened into grooves 23 that 
pass around the cylinder 22 mantle. A negative pressure 
is produced in the interior of the cylinder 22, which is 
spread onto the circumference of the cylinder through 
the perforations and grooves in the mantle. This nega- 
tive pressure can, to some extent, promote the penetra- 
tion of the steam treatment by the steam box 30 into the 
web in the direction of thickness. In FIG. 2, the block 
50 is a schematic representation of steam generation % g 
means, from which a steam flow S is passed through the 
pipe 35 into the steam box 30. 

In a preferred embodiment of the invention, a drying 
group is accomplished in which, as groups with single- 
wire draw, exclusively so-called normal groups are 
used, in which the heated drying cylinders, against 
whose faces the web W is in direct contact, are placed 
in the upper row, as is the case in FIG. 1 in respect of 
the cylinders in the group 

FIG. 3 shows an application of the invention to an 
area with twin-wire draw. As is shown in FIG. 3 f the 
drying section comprises two rows of steam-heated 
drying cylinders 10A and 10B placed one row above 
the other as well as an upper wire 11A and a lower wire 
11B. The wires I1A and 11B are guided by guide rolls 
12A and 12B placed in the gaps between the cylinders 
10A, 10B, so that the web W has free draws W p between 
the rows of cylinders. On these free draws, according to 
FIG. 3, two steam boxes 30C and 30D arc placed, by 
whose means the web W is steam-treated across its 
entire width from both sides in accordance with the 
invention through the contact-free treatment gaps 31C 
and 3ID. 
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With reference to FIG. 4, an exemplifytogembodi- 
ment of a steam box 30 applied in the invention will be 
described. The steam box 30 comprises a counter-plate 
32, whose curve radius R corresponds to the curve 
radius of the cylinder 12;22 or roll 8;28 (see FIG. 1) 
against which steam box 30 is placed to operate. The 
steam box 30 is provided with a box part 33 attached to 
the counter-plate 32 and fitted with thermal insulation 
34. Into the steam box 30, steam at a suitable tempera- 
ture is introduced by the intermediate of the connec- 
tions 35A and 35B through the inlet pipe 35 in the direc- 
tions of the arrows S\ and S* Inside the pipe 35, there is 
a coaxial second pipe 36, into which the connection 35B 
(steam S2) is opened. The outer pipe 35 is provided with 
a series of nozzle holes 35a, which are opened into the 
space 356, which extends across the entire width of the 
steam box 30, and the steam (Si) supplied through the 
connection 35A is discharged in the direction of the 
arrows S3 into the space 356 and, out of said space, 
further through the numerous nozzle holes 36 in the 
counter-plate 32 to act upon the web W against its free 
outer face. 

According to FIG. 4, through the nozzle holes 36, a 
basic supply of steam is carried out without transverse 
profiling. The transverse profiling of the steam supply is 
carried out by means of the steam (arrow S2) supplied 
through the inner pipe 36. In connection with the inner 
pipe 36, there is a regulation beam 37, which is provided 
with a series of nozzles 38. The nozzles are provided 
wilii regulation spindles 39, which are regulated by 
means of regulation screws or regulation motors 39a. 
The nozzles 38, regulation spindles 39, and regulation 
screws or regulation motors 39a act as a regulation 
means by which the quantity of steam supplied by the 
steam box is controlled by the regulation blocks 40i . . . 
40* in the steam box. Through the nozzles 38, by the 
intermediate of the connection 38a provided in the 
beam 37, adjustable quantities of steam are supplied in 
the direction of the arrows S5 through the regulation 
blocks 40i . . . 40/v in the steam box. The regulation 
blocks 40 are separated from one another by vertical 
partition walls 42 placed in the machine direction. From 
the regulation blocks 40] . . . 40* the steam is fed 
through the series of nozzle openings 41 1 . . . 41* pro- 
vided in the counter-plate 32 to act upon the adjacent 
web W. If necessary, the series of regulation motors 39a 
can be connected to a control system, preferably to a 
control system provided with a feedback arrangement, 
in which a series of feedback signals is received from 
devices (not shown) which are known in themselves 
and which measure property profiles of the web W, 
such as moisture profiles. 
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Acc rding to the principle of operation of the inven- 
tion, by means of the steam box 30 or steam boxes, 
steam is fed onto the paper web W that is being dried, 
by means of which steam the distribution and gradients 
of the properties of the paper in the direction of thick- 
ness (z-direction) are afTecled. By means of the steam 
treatment, strains that arise or are about to arise in the 
web W can be relaxed in the area of their formation or 
immediately after said area, in which case the relaxation 
is particularly efficient. Thus, the paper can be made 
less susceptible of curling when it is used, eg., in a laser 
copier. At the same time, by means of the method and 
the device in accordance with the invention, die trans- 
verse curling and moisture profiles of the web can be 
equalized, which provides a more even drying result in 
the ultimate drying as well as an improved opcrability 
of the machine, because web breaks, arising, for exam- 
ple, from differences in tightness, occur less frequently. 

Steam boxes 30 in accordance with the invention can 
be placed as a necessary number along the drying sec- 
tion. The steam boxes in accordance with the invention 
are most useful when employed in the final end of the 
drying section. 

The method and die device in accordance wiUi the 
invention are particularly well suited for use in the 
drying section in an area in which the dry solids content 
lea of the web is in the range of ka =from about 70 to 
about 9Z%, most appropriately in the range of ka 
= from about 80 to about 95%. The invention is applied 
most appropriately in drying groups provided witJi 
single-wire draw even though twin-wire draw and even 
two-sided applications are not excluded from the scope 
of the invention. 

By means of the invention, it is favorably possible to 
accomplish a drying section in which, as groups with 
single-wire draw, only such "normal" groups are em- 
ployed in which the heated drying cylinders 20 consti- 
tute the upper row, in which case there are no ventila- 
tion or broke handling problems. Further, the invention 
permits a fully closed draw to be provided in a drying 
section, in which the drying section is, over its entire 
length, accomplished by means of said "normal" groups 
with single-wire draw. Such a drying section is particu- 
larly advantageous in paper machines of very high run- 
ning speeds, in which a closed draw is particularly use- 
ful in view of the running quality of the paper machine. 

FIGS. 5A and SB illustrate the effect of a 110* C. 
steam on a 50 g/m 2 newsprint when the web W speed is 
1500 m/min. 

FIG. 5A illustrates the temperature T or the paper 
web W in a steam treatment as shown in FIG. 2 in the 
area A ... D on the cylinders 20 and 22. The curve Ti 
drawn with full line represents the temperature of the v 
bottom side of die paper, i.e. of the side that is in direct 
contact with the face 20' of the drying cylinder 20. and 
the curve T2 drawn with dolled line represents <iie 
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temperature of the opposite side (top side). As can be 
seen from the graph, in the area A ... B of the curves 
T| and T2, the temperature at the bottom side (T|) of the 
paper is higher than that at the top side (T2), the differ- 
ence in temperature being denoted with ATY In the 
area B . . . C, where the web W is transferred from the 
drying cylinder 20 onto the leading cylinder 22, the 
temperature T| of the bottom side is lowered, because 
of the more intensive evaporation taking place from the 
free face of this side, i.e. from the face opposite in rela- 
tion to the drying wire 21, more steeply than the tem- 
perature T2 of the opposite face. Thus, at the point C, 
where the beginning of the area of effect C . . . D of the 
steam box 30 in accordance with the invention is 
reached, which area is placed facing the perforated and 
grooved suction face 23 of the cylinder 22, the tempera- 
ture T| of the bottom side is somewhat lower than the 
temperature Ti of the top side (point C). Hereupon, in 
the steam treatment are C ... D of the box 30, the 
temperature T\ of the bottom side (outer side) of the 
web W is raised very steeply, so that the difference in 
temperature AT2 is increased considerably by the time 
the point D is reached. Hereupon, the difference in 
temperature between the two faces of the web W is 
equalized rapidly after the point D. 

FIG. 5B shows evaporation/condensation of water 
from the web/into the web W in a situation correspond- 
ing to FIG. 5 A. In the area B . . . C, considerable evapo- 
ration of water from the web W takes place, which 
corresponds to the lowering of temperature illustrated 
in FIG. 5 A in a corresponding area. In the area of effect 

C D of the steam box 30, intensive condensation of 

water into the web W takes place, which is again fol- 
lowed by evaporation of water from the web W. 

As is shown in FIG. 5B, after the point C, the con- 
densation of water steam is maximally of an order of 1 
g/m 2 into the bottom face of the paper, at least locally. 
hi this way, it is possible to correct even large defects in 
the moisture profile in the transverse direction, and, at 
the same time, strains that have already been formed in 
the paper and in particular in its face are relaxed by 
means of moisture and heat as well as by means of a 
temperature gradient (ATi). 
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